ABSTRACT
INTRODUCTION
Undersea diving is popularly performed in the Caribbean as a sport, mainly by tourists, professionally by military or police (dive and rescue) or commercially for fishing. The main methods are: (i) free diving (without breathing apparatus), (ii) snorkelling, and (iii) scuba (self-contained undersea breathing apparatus), or surface-supplied diving (1) .
Though diving is generally safe, injuries to the neck, decompression sickness, oxygen toxicity, nitrogen narcosis, drowning, shallow water black-out and barotrauma may occur (1) . There is even evidence showing long-term physical and psychological effects (2) .
Decompression sickness (DCS) occurs with rapid ascent from a dive leading to bubble formation of dissolved gas in tissues and blood. This can either directly damage organs, or lead to arterial gas embolization (AGE) to the brain, causing loss of consciousness, paralysis or even death (3) . It is a clinical diagnosis seen in less than 1% of divers (4, 5) . There are two types: Type 1 DCS (DCS 1) characterized by mild pains which resolve within 10 minutes, pruritis and/or skin rash. Type 2 DCS (DCS 2) characterized by pulmonary symptoms, hypovolemic shock or neural involvement (3, 6) . Suddenness of symptoms differentiates AGE from DCS 2, though both are treated similarly.
The main factors to consider in DCS are presence of neurological symptoms, onset time of symptoms, joint pain, relief after decompression therapy and maximum depth of the last dive. For AGE, main factors are onset of symptoms, altered consciousness, neurological symptoms, weakness and seizures (3) . For patients with DCS, early stabilization and administration of 100% oxygen has been shown to improve outcome (7), especially those who cannot reach a hyperbaric facility quickly. Aspirin should also be given for its anti-platelet effect.
Persons with mild DCS 1 usually require administration of 100% oxygen at sea level only, but need close observation. Hyperbaric oxygen therapy is considered the definitive treatment for DCS 2. This re-pressurizes the bubbles to be re-dissolved into the tissues and blood. The patient is slowly taken back to surface atmospheric pressure allowing gases to gradually diffuse out of the lungs and body. The affected diver should be referred for hyperbaric oxygen, even if improving, as relapse is always a possibility.
The hyperbaric chamber at the Barbados Defense Force is the only one in Barbados and the neighbouring Islands. Previous studies looked at injuries seen at this facility between 1985 and 1994 (8, 9) . This study looked at the injuries and outcomes that presented over the subsequent fifteen years.
SUBJECTS AND METHODS
A retrospective study of records of all divers treated at the hyperbaric chamber in Barbados between January 1995 and December 2009 was undertaken. All diving-related injuries that required hyperbaric treatment were included; those treated for non-diving injuries were excluded.
Data collected included age at injury, gender, nationality, place of residence and place of diving accident. Injury-specific data included the time from the onset of injury to treatment, clinical features at presentation, body area affected, number of treatments performed and outcomes (which was based on neurological examination at the end of decompression therapy). Other information that was documented included the number of divers that presented more than once, and significant complications that arose.
Statistical analysis was done using the SPSS software. Stata statistical software (version 10.1) was used for the non-parametric test for trend. Approval for the study was obtained from the Ethics Committee of the University Hospital of the West Indies/The University of the West Indies/Faculty of Medical Sciences, Mona, Jamaica and the Barbados Defense Force.
RESULTS
There were 183 cases presenting to the hyperbaric chamber between January 1995─December 2009, with 150 (82%) males and 33 (18%) females with ages ranged from 17 to 79 years [mean 36.25 ± 9.95 years] (Fig. 1 ). Most injuries (36.6%) occurred in the 30-39-year age group, followed by the 20-29 (25.7%) and 40-49 (25.1%)-year age groups. Patients treated came from 16 countries. Six were Caribbean countries accounting for 48% of the total (Table 1) . Diving accidents took place in 12 islands, with the majority (56.8%) occurring in Barbados (Table 1) .
There was a steady decline in cases treated over the period with 33 and 25 cases treated in 1995 and 1996, respectively, compared to 1 and 2 cases in 2008 and 2009, respectively (Fig. 2 ).
Injuries were treated in every month with insignificant (p = 0.440) differences between months (Fig. 3) .
The majority (51.4%) of injuries were from sports followed by fishing and lobster-catching (34.5%) and work-related dives (9.8%). The remainder did not have a reason recorded. First diving accidents comprised 69.9% of patients. The remainder had presented with at least one (17.5%) to four (0.5%) previous accidents, with 14 .8% having presented previously to the local chamber. Arrival time to the hyperbaric chamber was recorded in 166 cases, with a mean time of 18.7 hours and median 12 hours ( Table 2) . The most commonly diagnosed condition was DCS two (59.6%) followed by DCS 1 (29.0%), AGE (6.4%) and 5% were unclear. The chief presenting complaint was pain, mainly in the limbs. Neurological symptoms included weakness, numbness and imbalance (Table 3) . Pain was predominantly seen in DCS two patients (64.6%).
Most patients (84.7%) required five or less treatments (50.8% required only one) with a mean of 3.4 treatments. However, the length of each treatment was not recorded. Complete recovery was noted in 63.9% of patients, with improvement in another 22.4% (Table 4) . The majority (35.9%) of patients who showed complete recovery were 30-39 years old. There was no change in 3.3% of patients and 1.6% (all males) died. There was no statistical difference in the clinical outcomes among the various age groups.
Of the three deaths, only one of these patients took more than 24 hours to reach the unit for treatment. The other two received treatment in less than five-hours of the onset of the symptoms.
DISCUSSION
The 183 cases treated over the 15-year period at the hyperbaric chamber at the Barbados Defense Force, ranged from a high of 33 cases per year to a low of two cases. In European hyperbaric units annual averages ranged from 10 to 100 cases (10) . There are more persons diving worldwide, resulting in more diving accidents (11) . However, in Barbados, the mean number of accidents decreased annually from 15 cases during 1985-1995 to 12.2 cases during 1995-2009 (9). This may be attributed to better education of divers, and the presence of more hyperbaric chambers in the Caribbean. All patients may not be presenting, especially uninsured individuals, such as some fishermen from neighbouring islands.
Males predominated (82%), similar to the previous 10 years [87.3%] (9) and to other studies: 76% presenting to the Red Sea Medical Centre, and 84% in the United Kingdom (UK) study (12, 13) . The average age (11) . Significant increases in risk of serious injury and incomplete recovery has been reported above the age of 50 years (14) . This was not seen in this study, where the majority of persons over 50 years either improved or completely recovered.
Barbadian patients were seen most, followed by those from the UK and United States of America (USA), reflecting the popularity of the Caribbean for tourists. There were many cases from St Vincent and the Grenadines which is near to Barbados.
Sport diving injuries accounted for most (51.4%) persons presenting during 1995-2009, up from the 44.7% in the 1985-1995 period (9) . This was in contrast to a military hospital-based hyperbaric chamber in Malaysia during 1996-2004, where commercial diving activity accounted for 48% of the cases, followed by recreational (39.2%) diving (15), and not as much as in the UK, where 81% of the divers were recreational and only 10% were occupational divers (13) .
Outcomes are significantly affected by the initial treatment and the time it takes to get definitive treatment (13, 16) . The time taken to commence treatment from the onset of symptoms was similar to that in Poland, where the median time interval from first symptom occurrence to start of recompression was 32.5 hours [range was 2-193.5 hrs] (10). The average-time to treatment in this study was 18.67 hours, with one-third of the patients arriving in less than six hours. Delays may occur due to many factors, starting with delay in presentation to the primary healthcare provider, delay in diagnosis, and delay in the necessary air transport when needed. Such delays would be expected as several Islands refer patients to the unit for treatment.
The neurological symptoms seen in DCS two were similar to those in the UK, which had 77% of cases with neurological symptoms (13, 17) . It is recognized that many patients requiring hyperbaric treatment have one or more neurological symptoms (18) . The most common neurological symptoms were numbness, weakness and strange sensations. In the USA, numbness was the predominant presenting complaint in DCS (59% of cases), while sensory abnormalities (76.6%) and motor weakness (35.1%) were common in the UK (13, 19) . Sensory disturbance was seen in 67.5% of the cases in Cozumel, Mexico and altered consciousness in 10% (17, 19 ).
It appears that there were fewer persons who experienced specific neurological symptoms in this study than reported in other studies, although it should be noted that many of the studies combined the various symptoms. Differences in reporting or documentation may account for the disparity in cases. However, if all documentation is assumed equal, the lower percentages seen in our study may be a reflection of less severe diving-related complications. Diving in the Caribbean is associated with warmer, clearer waters and the absence of major cave diving. Less dangerous diving may result in less serious injuries.
Pain is felt in 55-62% of decompression illness cases overall (13, 16) , 70-85% in DCS 1 but only 30% in DCS two cases (3) . Shoulder pain in particular has been described in 25% of cases (6, 20) . In this study, the majority of cases with pain, (except shoulder pain) had DCS two. In Mexico, 54.5% of the 200 persons treated for DCS experienced arthralgia or myalgia (18) , similar to this study.
Headaches have been described in 25% of cases but were seen in only 16.9% of cases in this study. The usual causes are sinusitis, migraines, cold exposure and tight face mask. However, recognition and early treatment of more serious conditions such as intracerebral bubbles need to be treated as emergencies.
In this study, 56.6% of cases requiring hyperbaric treatment were DCS two, and 29% DCS one. A few cases with possible barotrauma, and inconclusive diagnosis constituted 5.5% of cases labelled "Other". It is recognized that re-pressurisation in a hyperbaric chamber should be performed if the diagnosis is not clear as this form of treatment would be considered both diagnostic and therapeutic. These findings compare to other recent studies. Over 42% (n = 453) of patients had DCS two and 26% had DCS one at the Hyperbaric Chamber of the Red Sea Medical Unit, and only 13% of the cases in the UK had DCS one (13) . However, the Polish five-year study showed that 76.5% of cases were DCS one (10) . Diving injuries may have negative long-term effects, particularly after decompression illness (2) , and it is important that follow-up be performed. It is recommended that treatment continues until the patient reaches a clinical plateau (21) . In this study, some premature discontinuation took place at the patient's request, or for financial reasons.
The majority (84.7%) of patients required less than five treatments (mean 3.35), which was comparable to other studies (10) . The duration of each session, however, was not recorded in this study which would have been useful as well.
The majority of cases had complete resolution (63.9%) or partial improvement (22.4%) of symptoms after receiving hyperbaric treatment, similar to other published data reporting complete recovery in 48-70% of cases and partial recovery in 27-30% of cases (10, 21, 22) . Long-term residual symptoms were seen in 24.5% (10) . Severe cases were treated most rapidly at a facility in Aberdeen and still had poor outcomes (23) , suggesting that rapid treatment does not always mean an excellent outcome. However, details of the cases were not available to draw further conclusions.
Better outcome rates were seen in more recent studies, suggesting improvement in care, including use of oxygen as part of the initial first aid management. The UK experience showed a drop in residual symptoms from approximately 25% to 18% between two studies (13) .
Scuba diving deaths are rare and in this study, there were three deaths. However, these were patients presenting to the facility, and deaths prior to presentation are unknown. Over the past three decades, big diving communities such as Canada and the USA combined to have 70 deaths or more per year whereas smaller communities like the UK and Australia had 10 or less fatalities per year (11) . The average age of those persons that died in this study was 32.7 years, a decade younger than male divers insured by DAN. The Caribbean deaths were in either fishing or lobster diving, which only accounted for 20% of deaths in USA and Canada.
There was very little literature on repeat presentations of DCS in the same individual. In this study 17.5% of cases presented for the second time and 5.4% with two or more previous accidents. This brings into question how much education is given to divers after they have had a diving injury.
Limitations of this study include the assumption that protocols and definitions for the diagnosis of all types of DCS were standard. Only those cases presenting to the hyperbaric chamber were studied, so the true incidence of diving injuries is not known. A lot of the information was based on memory recall of the patients, especially regarding previous presentations.
Although it is recognized that diving is a relatively safe sport, accidents do occur and may result in debilitating outcome. The BDF Hyperbaric Unit continues to have very good outcomes in the treatment of decompression illness. It is recommended that there be ongoing education for healthcare providers, divers and dive shop operators. This would assist in the early recognition of decompression illness.
